
CLEAN COPY OF AMENDED SPECIFICATION 

On page 3, Unes5-7: , , 

Accordingly, the object of this invention is to provide substrate-specific DFRs which 
have point mutations at residue number 134 of SEQ ID NO: 2 when the amino acids are 
aligned with the ClustalW program. 



On page 7, first paragraph: 

In accordance with the present invention, the substrate specificity determining region was 
identified by determining the abilities of three chimeric DFRs to catalyze the reduction of 
DHK in the transgenic Petunia lines. In order to identify the region of DFR that 
determines its substrate specificity, we constructed chimeric DFR genes using cDNA 
sequences of Petunia (SEQ ID NO: 35) and Gerbera (SEQ ID NO: 1). Though these two 
DFRs have high similiarity at the amino acid level, Gerbera DFR is able to catalyze 
dihydrokaempferol (DHK) while Petunia DFR cannot (Elomaa et al. Mol. Gen. Genet. 
248:649-656 (1995)). We built three different chimeric genes using regions of high 
homology as common PCR primer sites (FiglA). The chimeric genes were transformed 
into a white flowered Petunia mutant (W80) that lacks DFR activity and accumulates 
primarily DHK but with appreciable amounts of dihydroquercetin (DHQ) and 
dihydromyricetin (DHM) (Huits et al., 1994). Chimera 1 produced pink flowers while 
Chimeras 2 and 3 bore orange-pink flowers (Fig. IB). The hue of Chimera 1 flowers is 
very similar to the inbred Petunia mutant RLOl, which has functional DFR activity and 
accumulates DHK. Thin layer chromatography (TLC) determined that Chimera 1 
produced mainly cyanidin and delphinidin (Fig. lb ). Chimeras 2 and 3 primarily 
produced pelargonidin (Fig. 1 C), which is the downstream product of DFR reduction of 
DHK. These results indicated that the region of DFR conferring the ability to reduce 
DHK was between Chimeras 1 and 2. The identified region (approx. 40 amino acids) is 
highly variable in DFRs from different plant species. By excluding the completely 
conserved amino acid sequences at the borders, the identified region is narrowed down to 
26 amino acids. Hereinafter, this region is referred as substrate specificity determining 
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region. An example of the substrate specificity determining region in a few representaive 
DFRs is shown in Figure 2. ^ 
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Chimeric gene construction 

Highly conserved regions of the DFR gene were identified by a multiple sequence 
alignment of a number of DFRs. The 5' region (Gerbera DFR portion) of each chimeric 
gene was synthesized from the Gerbera DFR cDNA clone using a primer containing the 
codon for the starting methionine of the Gerbera DFR gene (SEQ ID NO. 5): 5-GGC 
GAA AAT GGA AGA GGA TTC TCC-3' and a primer containing a conserved region of 
the Gerbera DFR gene (Chimera 1 ; SEQ ID NO: 6: 5'- AGC AGA TGA AGT GAA CAC 
TAG TTT CTT CAC-3'; Chimera 2; SEQ ID NO: 7: 5'-GGC TTT CTC TGC CAG 
AGT TTT TGA CAC GAA-3'; Chimera 3; SEQ ID NO: 8: 5'-GTG GGA CGA GCA 
AAT GTA TCT TCC TTT TGC-3 '). The 3' region (Petunia DFR portion) of each 
chimeric gene was synthesized from the Petunia DFRA cDNA clone using a primer 
complementary to the three conserved regions (Chimera 1; SEQ ID NO: 9: 5 - TTC ACT 
TCA TCT GCT GGA ACT CTC GAT GTG; Chimera 2; SEQ ID NO: 10: 5*-CTG GCA 
GAG AAA GCC GCA ATG GAA GAA GCT-3'; Chimera 3; SEQ ID NO: 11: 5*-ATT 
TGC TCG TCC CAC CAT GCT ATC ATC TAC-3') and a primer containing the stop 
codon of the Petunia DFRA gene (SEQ ID NO: 12): 5'-GCG CTA GAC TTC AAC ATT 
GCT T AA-3 '. 5' and 3' regions were gel purified after PCR amplification. To assemble 
the full length chimeric gene the 5' and 3' region fragments were added to the same tube 
in roughly equal amounts and subjected to PCR cycles (94°C 30", 55°C 30", 72°C 1 :30). 
Full-length chimeric genes (-1.1 kb ) were purified from agarose gels. The chimeric 
genes were cloned into a vector containing the 35S CaMV promoter and NOS terminator. 
Pfu polymerase (Stratagene, La Jolla, CA) was used for all PCR reactions. 



